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[NAME OF DOCUMENT] Abstract 
[ABSTRACT] 

[PROBLEM] To provide a wide-band array antenna using a single real-value 
d multiplier for each antenna element, which is simple in construction a 
nd suitable for WCDMA mobile communication system. 
[MEANS FOR SOLUTION] 

A rectangular array antenna is formed by NXM antenna elem 
ents. Each antenna element has a frequency dependent gain which is the s 
ame for all elements. Each antenna element is connected to a multiplier 
with a single real coefficient, which is determined by properly selecti 
ng number of points on a u-v plane defined for simplifying the design pr 
ocedure according to the design algorithm of the present invention. 
[SELECTED DRAWING] Fig. 6 
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[NAME OF DOCUMENT] Specification 

[TITLE OF INVENTION] Wide-band Array Antenna 

[CLAIMS] 

[Claim 1] 

- A wide-band array antenna comprising: 
N X M antenna elements, and 

multipliers connected to each said antenna element, each h 
aving a real-valued coefficient, wherein 

assuming that said elements are placed at distances of d^ 
and dg in the directions of N and M, respectively, the coefficient of ea 
ch multiplier is C nm , and by defining two variables as v=co d^sin d /c, an 
d u^dgCos 0 /c, the response of said array antenna can be given as: 

N M 

H(u, v) = O nm e j ^ v e-^ m -^ (5) 

71=1 771 = 1 



by appropriately selecting points (Uq|, v^j) on the u-v plane according 
to a predetermined angle of beam pattern and the center frequency of a p 
redetermined frequency band, the elements bj of an auxiliary vector B = 
[b^, bg,' . bj ( L « N X M ) can be calculated and the coefficient 
C nm of each said multiplier corresponding to each antenna element can be 
calculated as follows 

L 

Cnm = G^bie-X"- 1 ^ e J < m - 1)t£ «< (17) 
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[Claim 2] 

A wide-band array antenna as set forth in claim 1, wherein 
said each antenna element has a frequency dependent gain w 
hich is the same for all elements. 
[Claim 3] 

A wide-band array antenna as set forth in claim 1, wherein 
the gain of the antenna element has a predetermined value 

at a predetermined frequency band including the center frequency and at 

a predetermined angle. 

[Claim 4] 

A wide-band array antenna as set forth in claim 1, further 

comprises 

an adder for adding the output signals from said multiplie 

rs. 

[Claim 5] 

A wide-band array antenna as set forth in claim 1, wherein 

a signal to be sent is input to said multipliers and the o 
utput signal of each said multiplier is applied to the corresponding ant 
enna element. 

[Claim 6] 

A wide-band array antenna as set forth in claim 1, wherein 
said selected points (uqj, v^j) on the u-v plane for computing the eleme 
nts of said auxiliary vector B are symmetrically distributed on the u-v 
plane. 

[DETAILED DESCRIPTION OF THE INVENTION]" 
[0001] 

[Technical Field of the Invention] 

The present invention relates to a wide-band array antenna 
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, particularly relates to a wide-band array antenna for improvement of t 
he performance of a mobile communication system employing the wide-band 
code division multiple access (WCDMA) transmission scheme. 

[0002] 

[Prior Art] 

Smart antenna techniques at the base station of a mobile c 
ommunication system can dramatically improve the performance of the syst 
em by employing spatial filtering in a WCDMA system. Wide-band beam form 
ing with relatively low fractional band-width should be engaged in these 
systems. 

The current trend of data transmission in commercial wirel 
ess communication systems facilitates the implementation of smart antenn 
a techniques. Major approaches for the designs of smart antenna include 
adaptive null steering, phased array and switched beams. The realization 

of the first two systems for wide-band applications, such as WCDMA requ 
ires a strong implementation cost and complexity. On each branch of a wi 
de-band array, a finite impulse response (FIR) or an infinite impulse re 
sponse (IIR) filter allows each element to have a phase response that va 
ries with frequency. This compensates from the fact that lower frequency 

signal components have less phase shift for a given propagation distanc 
e, whereas higher frequency signal components have greater phase shift a 
s they travel the same length. 
[0003] 

Different wide-band beam forming networks have been alread 
y proposed in literature. The conventional structure of a wide-band beam 
former, that is, several antenna elements each connected to a digital f 
ilter for time processing, has been employed in all these schemes. 

[0004] 

[Problem to be Solved by the Invention] 
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Conventional wide-band arrays suffer from the implementati 
on of tapped-delay-1 ine temporal processors in the beam forming networks 
. In some proposed wide-band array antennas, the number of taps is somet 
ime very high which complicates the time processing considerably. In a r 
ecently proposed wide-band beam former, the resolution of the beam patte 
rn at end-fire of the array is improved by rectangular arrangement of a 
linear array, but the design method requires many antenna elements which 
can only be implemented if micro-strip technology is employed for fabri 
cation. 

[0005] 

The present invention was made in consideration with such 
a circumstance and has as an object thereof to provide a wide-band array 
antenna for sending or receiving the radio frequency signals of a mobil 
e communication system, which has a simple construction and has a bandwi 
dth compatible with future WCDMA applications. 
[0006] 

[Means for Solving the Problem] 

To achieve the above object, according to a first aspect o 
f the present invention, there is provided a wide-band array antenna com 
prising N X M antenna elements, and multipliers connected to each said 
antenna element, each having a real-valued coefficient, wherein assuming 

that said elements are placed at distances of d^ and dg in directions o 
f N and M, respectively, the coefficient of each said multiplier is C nm , 

and by defining two variables as v= co d^sin 6 /c, and u=cod2Cos 0 /c, the 
response of said array antenna can be given as follows: 

N M 

H(u,v) = Onme^^e'^ 1 ^ (5) 

n=l m=l 
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by appropriately selecting points (u Q |, v q1 ) on the u-v plane according 
to a predetermined angle of beam pattern and the center frequency of a p 
redetermined frequency band, the elements bj of an auxiliary vector B = 
[b lf b 2 , . .., bj (L « N X M) can be calculated and the coefficient C R 
of each said multiplier corresponding to each antenna element can be c 

m 

alculated according to 
L 

1=1 

[0007] 

In the wide-band array antenna of the present invention, p 
referably said each antenna element has a frequency dependent gain which 
is the same for all elements. 

[0008] 

In the wide-band array antenna of the present invention, p 
referably the gain of the antenna element has a predetermined value at a 
predetermined frequency band including the center frequency and at a pr 
edetermined angle. 

[0009] 

Preferably, the wide-band array antenna of the present inv 
ention further comprises an adder for adding the output signals from sai 
d multipliers. 

[0010] 

In the wide-band array antenna of the present invention, p 
referably a signal to be sent is input to said multipliers and the outpu 
t signal of each said multiplier is applied to the corresponding antenna 



(17) 
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element. 

[0011] 

In the wide-band array antenna of the present invention, p 
referably said selected points (u Q1 , v Ql ) on the u-v plane for computing 
the elements of said auxi 1 iary vector B are symmetrically distributed o 
n the u-v plane. 

[0012] 

[Embodiments of the Invention] 

Figure 1 shows a simplified structure of a wide-band array 

antenna according to an embodiment of the present invention. As illustr 
ated, the wide-band array antenna of the present embodiment is const i tut 
ed by NX M antenna elements E(l,l),..., E(1,M),...» E(N,1),..., E(N,M). 
Here, it is supposed that each antenna element has a frequency dependant 

gain which is the same for all elements. The direction of the arriving 
signal is determined by the azimuth angle 0 and the elevation angle £ . 

As in most practical cases, it is assumed that the elevation angles of 
the incoming signals to the base station antenna array are almost consta 
nt. Here, without loss of generality, the elevation angle /3 is consider 
ed as jS = 90 degrees. The inter-element spacing for the directions of N 

and M are d^^ and d 2 , respectively. 
[0013] 

To consider the phase of the arriving signal at the elemen 
t E(n,m), the element E(l,l) is considered to be the phase reference poi 
nt and the phase of the receiving signal at the reference point is there 
fore 0. With this assumption, the phase of the signal at the element E(n 
,m) is given by the following equation. 
[0014] 

[Equation 1] 
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$(ra,m) = — (di(n — l)sin0 — — l)cos0) (1) 

c 



[0015] 

where 1 ^ .n ^ N, 1 ^ m ^ M. In equation(l), 0 is cons 
idered as the angle of the arrival (AOA) , co =2 iti is the angular frequen 
cy and c is the propagation speed of the signal. 

[0016] 

Note that if the elevation angle /3 was constant but not n 
ecessarily near 90 degrees, then it is necessary to modify and d^ to 
new constant values of d^sin^ and dgSin^ , respectively, which are in f 
act the effective array inter-element distances in an environment with a 
lmost fixed elevation angles. 

[0017] 

In the array antenna of the present embodiment, unlike con 
ventional wide-band array antennas, it is assumed that each antenna elem 
ent is connected to a multiplier with only one single real coefficient C 
Hence, the response of the array with respect to frequency and angle 
can be written as follows: 
[0018] 

[Equation 2] 

N M 

= G a {u)H{u,e) (2) 



[0019] 

In equation (2), G„(a>) represents the frequency-dependent 
gain of the antenna elements. Here, for simplicity, two new variables v 
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and u are defined as follows. 

[0020] 

[Equation 3] 

v = sm0 (3) 



[0021] 

[Equation 4] 

u = cos 9 (4) 



[0022] 

Applying equation (3) and (4) in equation (2) gives the fo 
1 lowing equation. 

[0023] 

[Equation 5] 

N M 

H{u, v) = J2 5^ Cn^-^e-*™- 1 * (5) 



[0024] 

With a minor difference, equation (5) represents a two dim 
ensional frequency response in the u-v plane. The coordinates u and v, a 
s illustrated in figure 2, are limited to a range from -x to +7T , becau 
se for example the variable u can be written as 

[0025] 

[Equation 6] 
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\u\ = 



ojd 2 Q 
cos B 



^ 2*f _ 2*/ e < > 
c ~ c 2 c 2 / max ~~ k ; 



[0026] 

Note that for a well-correlated array antenna system, it i 
s required that dj, d 2 < l fflin /2 = l/2f MX , where a. min and f fflax are th 
e minimum wavelength and the corresponding maximum frequency, respective 
ly. Equation (6) is valid for v as well. 

[0027] 

According to equations (3) and (4), it can be written that 

[0028] 

[Equation 7] 

V d\ / _x 

— = — tan 6 = tan <p { ( ) 

u d.2 



[0029] 

In the special case of d^ = dg, 6 and <t> are equal, other 
wise, <(> can be given by the following equation. 

[0030] 

[Equation 8] 

<f> = tan-^^tanfl) (8) 

«2 



[0031] 

Furthermore, the following equation can be given as 

[0032] 

[Equation 9] 
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(9) 



[0033] 

Equation (9) demonstrates an ellipse with the center at u 
= v = 0 on the u-v plane. In the special case of = = d, the equati 
on (9) can be rewritten as following 

[0034] 

[Equation 10] 

" 2 + " 2 = ^) 2 (10). 

[0035] 

Equation (10) demonstrates circles with radius a>d/c. 
Equations (8) and (9) represent the loci of constant angle 
and constant frequency in the u-v plane, respectively. 

[0036] 

Figures 3 and 4 are diagrams showing the two loci of const 
ant angle Q and constant angular frequency oo according to equations (8 
) and (9). Plotting the two loci in Fig. 3 and Fig. 4 , is helpful for det 
ermination of the angle and frequency characteristics of the wide-band b 
earn forming in the array antenna of the present embodiment. 

[0037] 

Here, assume that an array antenna system is to be designe 
d with 0=0q, and the center frequency is co = coq. A demonstrative plo 
t, showing the location of the desired points on the u-v plane is given 
in Figure 5. This location is limited by $ Q = tan^^tan 9 and r l 

< r < r h , where r^ and r h can be given as follows, respectively. 
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[0038] 

[Equation 11] 

n = — d , . r h = — d and d = \J d{ sin 2 0o + <!% cos 2 0 O 

c c * (11) 



[0039] 

The symmetry of the loci with respect to the origin of the 

u-v plane results real values of the coefficients C for the multiplie 

nm r 

rs of each antenna element. In the ideal wide-band system, the ideal val 
ues of the function H(u,v) can be assigned as follows. 

[0040] 

(Equation 12] 



_ f G' 1 ; <f>o = tan-^ £tan0 o ) , n < jr| < r h 

I o ; 



otherwise (12) 



[0041] 

For example, if the elements have band pass characteristic 
s G a (a>) in the frequency interval of co j < co < co^, then G a _1 (o)) wi 
11 have an inverse characteristics, that is, band attenuation in the sam 
e frequency band. This simple modification in the gain values of the u-v 

plane makes it possible to compensate to the undesired features of the 
antenna elements. 

[0042] 

It is clear that the ideal case is not implementable with 

practical algorithms. So in the array antenna system of the present embo 

diment, a method for determination of the coefficients C is considered 

nm 

. Below, an explanation of the method for determination of the coefficie 
nts C nm for multipliers connecter to the antenna elements will be given 
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in detail. 

[0043] 

For the design of the multipliers, instead of controlling 
all points of the u-v plane, which is very difficult to do, L points on 
this plane are considered. These L points are symmetrically distributed 
on the u-v plane and do not include the origin, thus L considered an eve 
n integer. Two vectors are defined as follows. 

[0044] 

[Equation 13] 
[Equation 14] 

H 0 = [&(u 0l , voj^ucuoa ),•-., H {u 0l ,vq l )] T ^ 
[0046] 

T 

In equations (13) and (14), the superscript stands for t 
ranspose. The elements of the vector Hq have the same values for any two 
pairs (uqj, v oi)> where 1=1, 2,..., L, which are symmetrical with respe 
ct to the origin of the u-v plane. In addition, they consider the freque 
ncy-dependence of the elements in a way like equation (12). The vector B 
is an auxiliary vector and will be computed in the design procedure. 
[0047] 

Here, assume that H(u,v) is expressed by the mul tipl icatio 
n of two basic polynomials and then the summation of the weighted result 
as f ol lows: 

[0048] 

[Equation 15] 



1 2 



ffiIE#2 001-3110399 



#2001—055453 



L N M 

H{u, v) = Y2 b <(T, e j(n - 1)(v -^ ) ) ( £ e-^— 1 "-^)) 



/=1 n=l m=l 



(15) 



[0049] 

In fact with this form of H(u,v), the problem of direct co 

mputation of NXM coefficients C nm from a complicated system of NXM equ 

ations is simplified to a new problem of solving only L equations, becau 

se normally L is select as L « NXM. The final task of the beam forming 

scheme in the present embodiment is to find the coefficients C for ea 

nm 

ch multiplier from bj. 

[0050] 

By rearranging equation (14), the relationship between bj 

and the coefficient C M can be given as follows: 

nm 

[0051] 

[Equation 16] 

N M L 



71=1 m=l 1=1 



(16) 



[0052] 

Comparing with equation (5), also by using equation (2), t 

he coefficient C is given as follows: 
nm 

[0053] 

[Equation 17] 
L 

C nm = 53 G^bie-^ 1 ^^- 1 ^' (17) 
i=i 



[0054] 



ffi!E#2 001-3110399 



#2 001—055453 



That is, after calculation of the vector B, the coefficien 
t C nm can be found according to equation (17). It should be noted that G 
a ~1 is a function of frequency, and hence, varies with the values of Uq 
j and Vqj. The computation of the vector B is not difficult from equatio 
n (15). With the definition of an LXL matrix A with the elements {a^} , 
1 ^ k, 1 ^ L as follows: 
[0055] 

[Equation 18] 

N M 

a k i = ^2 e j(n " 1)(t, °fc' wo « ) ^ e -H™-i)(uQ k -u Ql ) 



[0056] 

From equations (13), (14) and (15), the following equation 

can be given. 

[0057] 

[Equation 19] 

Ho = AB ( 19 ) 



[0058] 

Thus, the vector B is obtained as follows: 

[0059] 

[Equation 20] 

B = A-'Ho (20) 



[0060] 

It is assumed that the matrix A has a nonzero determinant, 
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so that its inverse exists. Then, the values of the coefficients C ar 

1 nm 

e computed from equation (17) and the design is complete. 

[0061] 

Figure 6 and figure 7 are diagrams showing the wide-band a 
rray antennas of the present embodiment used for receiving and sending s 
ignals, respectively. As described above, the array antenna is constitut 
ed by N-XM antenna elements E(l,l),..., E(1,M) , . . . ,E(N,1) , . . . , E(N,M) . A 
s illustrated in Fig. 6, when the array antenna is applied for receiving 
signals, these antenna elements are connected to multipliers M(l,l),... 
, M(1,M),..., M(N,1),..., M(N,M), respectively. Each antenna element has 
a frequency dependant gain which is the same for all elements, and each 
multiplier M(n,m) (1 ^ n ^ N, 1 ^ m ^ M) has a coefficient C nm of a 
real value obtained according to the design procedure described above. 
The output signals of the multipliers are input to the adder, and a sum 
So of the input signals is output from the adder as the receiving signal 
of the array antenna. 

[0062] 

For each arriving angle of the incoming signals, a set of 
NXM coefficients C nm is calculated previously when designing the array 
antenna, thus by switching the coefficient sets for the antenna elements 
sequentially, the signals arriving from all direction around the antenn 
a array can be received. That is, the sweeping of the direction of the b 
earn pattern can be realized by switching the sets of coefficient used fo 
r calculation in each multiplier but not mechanically turning the array 
antenna round. 

[0063] 

As illustrated in Fig. 7, when the array antenna if used f 
or sending the signals, the signal to be sent is input to all of the mul 
tipliers M(l,l),..., M(1,N),..., and M(N,M). the signal is multiplied by 



ffilIE#2 001-3110399 



#2001-05 5 4 53 



the coefficient C nm at each multiplier then sent to each corresponding 
antenna element. The signals radiated from the antenna elements interact 

with each other, producing a sending signal that is the sum of the indi 
vidual signals radiated from the antenna elements. Therefore, a desired 
beam pattern for sending signals to a predetermined direction can be obt 
ained. 

[0064] 

Bellow, an example of a simple and efficient 4X4 rectangu 
lar array antenna will be presented. First, the procedure of designing o 
f the beam forming, that is, the determination of the coefficient of the 
multiplier connected to each antenna element will be described, then th 
e characteristics of the array according to the result of simulation wil 
1 be shown. 

[0065] 

Here, the angle of the beam former is assumed to be 9 q = 
-40 degrees with the center frequency of co Q = 0.7 7rc/d, where d = d^ = 
d 2 . Because of the limitation of the number of the points on the u-v pla 
ne in this example, it is assumed that G 0 =1. First, four pairs of criti 

a, 

cal points (uqj, v^j) are calculated as follows: 

[0066] 

[Equation 21] 

Pi : (u 0l ,v Ol ) = (u 0i v 0 ) (21) 

[Equation 22] 

P2 : (uo 2 ,v 02 ) = (-' u 0 ,-v 0 ) (22) 
[Equation 23] 

P3 : (uo 3 ,Vo 3 ) = (vo,—uo) 



(23) 
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[Equation 24] 

P 4 : (^o 4 , ^o 4 ) = (-voy u 0 ) (24) 
[0067] 

In equations (21) to (24), variables Uq and v^ have been f 
ound from equations (3) and (4), respectively. Then, the vector Hq can b 
e formed as 

[0068] 

[Equation 25] 

Ho = H 0 = [1,1,0,0] T (25) 

[0069] 

Next, the matrix A is constructed using equation (18) and 
the vector B is calculated from equation (20). Finally, coefficients C nm 
for 1 ^ m, n ^ 4 are computed from equation (17). Due to the symmetry 
of the selected points (uqj, Vqj) in the u-v plane, the values of coeff 
icients C nm are all real. This simplifies the computation in practical s 
ituations. 

[0070] 

Figure 8 shows the actual two dimensional frequency respon 
se H(u,v) calculated from equation (5) according to the coefficients C nm 
obtained in the design procedure described above. Clearly, there are tw 
o peak points at PI and P2, and two zeros at P3 and P4, respectively. Th 
e important result of this pattern is that in a relatively large neighbo 
rhood of the point corresponding to co = o)q, almost a constant amplitud 
e of the frequency response is obtained. That is, the designed 4X4 rect 
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angular array antenna gives a wide-band performance when it is designed 
for the center frequency o>q of the frequency band. 

[0071] 

Figure 9 demonstrates this fact more clearly. In Fig. 8, m 
ultiple directional beam patterns at an angular range including the assu 
med beam forming angle 0 Q , that is -40 degrees for different frequencie 
s from co | to co^ are illustrated. The frequency response according to t 
his figure is from co j = 0.67rc/d to co h = 0.8?rc/d, that is, a fraction 
al bandwidth of 28.6 percent. Assuming a WCDMA system with the carrier f 
requency of about 2.1 GHz for IMT-2000, that is, a wide-band signal with 
a center frequency of f Q = 2.1GHz, the inter-element spacing will be fo 
und as follows: 

[0072] 

[Equation 26] 

d = 0.7tt— °— = 0.05 m (26) 

[0073] 

In the WCDMA mobile communication system for IMT-2000, the 
higher and lower frequencies will be f^ = 2.4GHz and f j = 1.8GHz, respe 
ctively. This frequency band includes all frequencies assignment of the 
future WCDMA mobile communication system. 

[0074] 

[Effect of the Invention] 

According to the present invention, a new array antenna w.i 
th a wide band width can be constituted by a rectangular array formed by 
a plurality of simple antenna elements with a simple real-valued multip 
lier connected to each of the antenna element. The coefficient of each m 
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ultiplier can be found according to the design algorithm of the beam for 
ming network of the present invention. 

Comparing to the previously proposed wide-band beam former 
s, the wide-band array antenna of the present invention employs lower nu 
mber of antenna elements to realize a wide-band array. In the simulation 
of the wide-band beam former as described above, an array with 4X4 = 1 
6 elements having a frequency independent beam pattern in the desired an 
gle is obtained. 

[0075] 

Also, in the wide-band array antenna of the present invent 
ion, there is no delay element in the filters that are connected to each 
antenna element. Therefore the rectangular wide-band array antenna with 
out time processing can be realized. 

In conventional array antennas, since most of the coeffici 
ents of multipliers connected to the antenna elements are complex valued 
, the signal process in the multipliers is complicated due to the calcul 
ation with the complex coefficients. But according to the wide-band arra 
y antenna of the present invention, the multiplier connected to each ant 
enna element has a single real coefficient, so the signal processing is 
simple and fast, also the dynamic range of the coefficients are much low 
er than other time processing based methods. 
[BRIEF DESCRIPTION OF THE DRAWINGS] 

[Fig. 1] 

Fig. 1 is diagram showing a simplified structure of an emb 
odiment of the wide-band array antenna according to the present inventio 
n. 

[Fig. 2] 

Fig. 2 shows a 2D u-v plane defined for simplification of 
the design of the beam forming network. 
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[Fig. 3] 

Fig. 3 is a diagram showing the loci of constant angle Q 
on the u-v plane. 

[Fig. 4] 

Fig. 4 is a diagram showing the loci of constant angular f 
requency co on the u-v plane. 
[Fig. 5] 

Fig. 5 is a diagram showing the desirable points on the u- 
v plane for designing the wide-band array antenna. 
[Fig. 6] 

Fig. 6 is a diagram showing the configuration of the wide- 
band array antenna used for receiving signals. 
[Fig. 7] 

Fig. 7 is diagram showing the configuration of the wide-ba 
nd array antenna used for sending signals. 
[Fig. 8] 

Fig. 8 is a diagram showing a two dimensional frequency re 
sponse H(u,v) calculated according to the designed coefficients. 
[Fig. 9] 

Fig. 9 is a diagram showing plural directional beam patter 
ns on an angular range including the assumed beam forming angle for diff 
erent frequencies. 

[Description of References] 

E(l f l)f-..t E(N,1),..., E(1,M),..., E(N,M) . . . antenna elem 
ents, M(l,l),..., M(N,1),..., M(1,M),..., M(N,M) . . . multipliers. 
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